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Du_ing _he period covered by th_s report the uajor ef£oa, t was
r-

placed on the _fabrication and evaluation of 3ram diamete_ medical p_obea

suitable for Invivo me_ents. 8peelfical!y, the fabricatlon px_eess

for these detectors was finalized and a _ of these detector8 w_re

fabricated. After the mechanical and electrical eharacte_latlcs of the

devices were o]Ycained, the units were evaluated in varlous nueleaz

envil_mments.

This l_'po_ contains a summary of the £inal fab_ieatlon pz_eecbat-e

used u well as the z_Its of the evaluation of these deteeto_ eazTied

out at 8SR facilities. The detectors were evalnated with alpha particles,

betas and Co 60 gammas. In particular, the data obtained wi_ pB2

solutions demonat-emted that Invivo meam_ents at typical medical dosage

levela could be carried out quite easily.
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The va_iotts s_eps used in the fabrication of the 3_m dlmeter

n_Lical probe a_e showu sc_tloa]_ly in Figures i through 7. Figure 8

shows an assembly d_inE and Fi_u_ 9 shows the final fo_ of the detector

p_obe. The sequence of steps in the process is described below:

I. The medical probes are fabricated from p-type float zone

silicon having a resistivity in the 3500 to qS00 ohm-ore range ....

The crystals have a i-I-I orientation and are 3/_" to 7/8"

in diameter.

2. The crystal is mounted on a ceramic block with wax and

sliced, the slices being approximately i/q" thick. The sllc_ng is

done with a high speed diamond impregnated saw.

3. A planetax-y lapper is used _o lap both sides of the wafers_

whereupon some of the damage introduced by the saw is removed.

The unlts are then mounted in preparation for the u!tr_sonlc

dicing operation.

4. Using a specially designed d/c_J_ tool on the ultlmsorde

i._s_t _!nderp nine cylindrical shaped units are diced frum each

of the wafer6.

5. The cylindrical un/ts are now placed upon a rotating

fixture, whereupon the nose of the urd_t 18 shaped using v_rlous

grades Of emory cloth. The unit is now shaped llke a bullet and

is ready for the various diffusion steps.

5. The f_st diffusion is a rather deep one using phosphor_s

as the doping material. The diffusion p_oeess is eaXTied out f_

sixteen hours at 1200°C. The diffusion depth is calculated to be

approximately 50 mlcs_ons. This deep diffused !aye_ is used as the

base fo_ a soldering process deso_ibed later on, The d_ffusion

depth was measured by means of the energy loss by 6 Mev o paA_leles

in the "window" or ddffused layer. Results of these meaaur_ments

were in a_e_nent with the calculated dLffusion depth, These

measurements were also colwoborated by sectioning and coppe_ plating

the phosphorous (n-type_ doped layer.

7. Since the thick diffused layer is undesirahle on the nose
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of the un/t wh/ch is e_posed to the red_tion, a wax mask is

applied to the sides and rea_ of the urdt, whereupon the thick

d/ffused layeT on the nose is removed by etehL_.

8. After renoval of the wax mask_ a second phosp_ diffusion

IS _led out at a temperatuPe of I050oc. This d_ffusion cycle

obtains a dLffused layer of app_ox_nately 1 mleron on the nose of

the _et shaped detector. Thi_ end of the unit is exposed to the

radistlon and presents a thln w_ndow which Is necessary fo_ heavy

charged particle dete_tion (such as u particles),

g. The _ of the 1adler is now removed by lapp_r_ in

preparation for the application of the al_minum alloy (p-type)

contact,

10. A stall dl_meter hole is ultrasonloally cut axlally f_ the

back of the bullet. The combination of the phosphorous diffused

su_fa_e and the alundnum alloy layer within the hole pz.oduce very

nea_ly eyllndeleal geometry in the final detector.

11. The unit is now masked wtth wax on both the nose and the back,

exposing the sides which have the deep phoBphol_us diffused layer.

Th_ step is in _tlon £o_ the n/eke1 platluS which is deposlted

alang the sides of the bullet.

12. Ele_tr_less nLekel is plated alone the slde of the bullet

for soldering to the ease.

13. Both the alumlmnn alloy back contact and the slnt_iug of

the n_ckel _re CaSTled out at the same t_ne. FL-_t s an alumtrn_

slug Is placed Into the ultrason!oally d_eed bole at the Imok of

the un/t and a 15 .all dlameter wlr_ is inserted into _ _hole,

lq. The bullets a_e set into a special fix_ and the nickel

wl_e is waisted down to tnsu_ adequate alloying _inK the heating

_ycle. At a temperature of 800oC_ the alum!nine is alloyed into the

back_ making the p+ contact and the nickel is s_et_ed Into the

81de8 of _ unit to obtain great_ adh_e of the nickel to the

sillc_n.

15. After the alloying and stnterLng step, the nose and _aek

of the bullet are again wax masked in prepaz-atio_n fo_ a second
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16. A second plate of alectroless n!ekal is applied _o the sides

of the _robe.

17. The nickel plated a_ea is then d_pped irate molten tin as a

pPe-tLnnlng opzTatlon.

18. In order to clean up the junction, all of the sides of the

bullet are wax masked and the back end of the bullet _s etched to

produce a Junetlon with high voltage and low leakage e_eteristlcs.

19. The un/t is now meady to be soldered into the top part of the

ease. _h/s step is done by d/pplng the nose of the bullet into

molten tin. Since the tin does not wet the nose of the bullet, only

soldering occurs along the pre-tlnn_d region, thereby obtalnlnE

a hemmetically sealed joint between the case top part and the silicon

bullet.

20. The subassembly cons/stlng of the bullet and the top pal-t Of

the ease is now tested for leaks by insertln E the ease Into a tyg_n

tube through which n/rrogen under 25 ibs. of pTessut_ is IntToduced.

The un/t being suhn_cEed in methanol to observe any bubbles whlch

m/ght be fozmed dne to leakage of the hydmoEen _gh the @olde_ seal.

21. After the um_t has been show_ to be tight, the Junction is

coated with Duw Coml/ng Silgard No. 183 and ctu_ed at 125°C for

sixteen hours.

22, Electrical tests are now eazTied _t on the subassembly in

o_ I:o detel-mlne the chapaeteristics of the d/ode. The unit is

tested fc_ light sensltlvlty and the etu_Tent voltage ehaz_cteTistAc

is obsel_ed on a curve-tTacer. The Peverse ehaPacterLstic must

show low leakage and h/gh voltage bmeakdown in o_deT to be a suitable

devJme. The forward chax_etem±stle is also examined since the

pPopePTies of the contacts to the silicon may be determined fmum

its shape.

23. The assembly of the back end of the probe is now caxTied out.

Baslcally_ the detectoP is composed of (a) the bullet shaped s_licon

wktch is soldeped to the top part of the case and _) a mlniatur_

coaxial cable which is hermetlcally sea!ed to the back part of the case.
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2_, _ c_ial cable is solder_1 to the back paz_: of the ease.

The bPalded s}_Leld is soldered to the ease while the Insulate(!

central wlre is exposed. This cent_ wi_-e w111 lal:er,be att:aeheCIL

to the w/re p_trudin 8 from the hole in the back of the s/iCeon.

25. A small extension to the back part of the case is _hen

soldered in place. This extension to the beck psrt of the ease

refezTed to in the figures as the center part of the case and its

function is to hold an insulated rin_ in place throu_ w}dch the

InneT conductor of the coaxial cable Is threaded.

26. The _'_[on between the center r_ wsshe_ and the back p_

of t_e erase is filled with epoxy whleh is cured at a room tempematuu_

for twelve huul_. Th/s epoxy Joint insures a Pugged eGnne_tlon

of the eent-m_ wire to the cable and prevents any mo_sb_e frum

enteTi_,_ %he dett_t_ p_ion of the ease th!x_/Eh the eoaxla! ale.

27. The subassembly composed of the cable and hack p_ of the

ease is nuw tested for meehanleal leaks usin_ technlqu_ descT_d)ed

bef_.

28, _The un/t _s now ready fc_ final asserahly. Usin_ a speeia/

fixture, both ends of the wire are pre-ttnned and the two wires

a_ee JoJ_ed together using a teflon tube as insulation from the

sides of the case. The two subassemblies sine Jelmed together

and soldered tlslng tln.

29. The outside Shell of the probe is now cleaned and tBa e_ces$

t_n fr_. the solderin_ operation is removed.

SO. Afte_ protectinE the silicon nose wlth silast_c rubb_m the

case walls ape pre-plated with .15 to .20 mils of eoppe_ and

flashed w_th a th/n f_Im Of Eold. The Enld laye_ _s also o_ the

same order of thickness as the eoppe_ plate layer.

31. The corFFglete assembly is leak tested by dtpptr,, g into boiling

xy_ene. An examination of the _t voltage charaeterlstlcs of

the um/t before and afte_ the b_ilLn_ process demonstTates the

tightness of the urdt.

32. The unlt is completed and is ready for further electrical

and r_lear tests.



II. E_ECT__! _.CALA=_!D,=,,,NUCX_F2_., _CTERISTICS ()P THE __ .D__

INVIVO _I_ P_QBE

A block diagram of the electronic system used for the evaluation

of the medical probe detectors is shown schematically in Figure I0.

The system is composed of a vacuum chamber where the detector is placed)

a charge sensitive prem_p!ifier, followed by a variable Integrating and

differentiat_ circuit. The output of the amplifier is obtained on

either an AC voltmeter which reads the l_S noise level, an oscilloscope,

or a multichannel pulse height analyzer for spectral measurements. A

step function pulse generator in_ects charge into the preamplifier to

monitor any gain changes in the system. This system is used for determining

the noise properties of the detector as well as determining the response

of the probes to short range particles such as _'s. A slightly different

system is used when determining the response of the probes to _'s and 7's.

Before presenting the noise measurements on the detectors, it is perhaps

advisable to review the problem of signal and noise in semiconcb_ctor-ampltfier

systems.

The calc_Llstion of an individ_al noise source to the noise OUtl_t

of the detector-amplifier system involves the integration over frequency

of the product of the noise n(_ ) and amplifier gain g(O ). The gain g(_ )

depends upon the pulse shaping network of the amplifier. The simplest

network, which is one of the best from a noise viewpoint, is an amplifier

containing one Rig 1 integrator and one R2C 2 differentiator) the two time

constants being equal. For such an amplifier g(_ ) =_1_/(1+_2), where

= RiC I - ]t2C2 andO= R'_.

If a mclear particle deposits a charge Q onto the fJ_put capacitance C

in a time which is short compared "to 4, the amplifier will pass an

exponentially rising ar_ fell_ pulse with a maximum height equal to

0.37 Q/C independent of 4. The discussions which follow refer to such an

ampl if tar.

Studies of the various noise soua_es in a detector-amplifier system

indicate that tube shot noise and the detector leakage noise are the two

most important noise scaL_es in a well designed system. The equivalent

RNS charge, which pPodncea a pulse height equal to the RNS shot noise level

at the mmplifier inputp given by _ = {I0 kT C2) / {gmq_)) where k is the

Bo!t_mn constant, T the absolute temperature) gm is the _tual conductance

of the input tube) _ is the amplifier time constant {with equal inte_ating

and differentiating anrplifier time constants), and C is the total input
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capacitance of the a_i_t_£e_ _!ud_ the detector. The noise due to

detector leakage current can be _ to be _tven by _ = 2eld_ _ where

• is the electronic charge and Id is the leakage _mrent in the detector.

The ener_ calJ/_ation of the electlwmie system shown in PtEul-e !0

is obtained usir_ the fol!owinE procedure: The mercury relay type step

function generator is used to transfer a fixed am_nt of eharEe into the

charee sensitive preampl_ler with the detector in place, and a spectTum

of the stEnal 8enerator as well as a Cs137 _ sou!_e is obtained with a

256 channel pulse hefg;bt analyzer. The 625 F_v _er_al convet-ston llne of

Cs 137 is used to ca!tl_rate the en_yze_ and t_e f_l_l-width-at-half__un

(FIFO of the _ss_n shaped spectrum of the pu_e zene_ato_ is meamLred.

After festival of the source and pulse 8enerator, a measurement of the noise

is made on the wide band AC voltmeter, thereby eallbratir_ the Her to

_ead _M noise In Key directly. All pulse shapinE is done in the pulse

!nl:eErat:_m and differentiation circuit. This circuit allows the var iatic_

of the _llfier time constants from 0.i mleroeeeond to i0 mleroseeondsp

the two time constants (ir_eEration and differentiation) belr_ kept equal.

Since the Sube shot noise varies as C/_ 1/2 and the detector leakage current

noise _!es as (Id_)1/2_ it follows that the noise meteF reading

in Key) versue the amplifie_ time constant _, clearly shows the eontri-

but!on_ to each of the noise sources.

_t_u:e 11 shows the FW_M no_se in Key versus the ampliffeT tLme constant

with various standard capacitors pluEEed into the detector socket. The

lowe_ curve 8ivea the }%_4 versus _ with the detector chamber disconnected

fpom the amplifier input. The amplifier input uuder these eond/tions has an

estimated capacitance o£ 15pf, /neludin_ _e eharee feedback capacitor. The

lowest cu!_e labeled 0pf is for the amplifier when attached to the detector

chamber, the chamber adds about an addi_fonal 20pf to the amplifier input.

CurYes ma_ked 20pf, 100pf, 150pf and 20Opf were obtained by pluEEinE standard

capacito_ Into the detecto_ socket. These var_ou_ curves are cazT_ed ove_

_o subsequent fibres for comparison _ose_ as dashed curves.

The Farm noise in Key versus the amplifier time constant in micro-

seconds a_e shown in F/_ures 12 and 13. Data at several operatir_ voltaEes

are siren. The data for detecter _-300! (shc_ in F_e 12) demonatTate

that the _oise at short amplifier' t_me c_nstants is contro!led by the

•hot noise in the input tube clr_/t. The rather la_e deteet_ capacitance

due to the coaxial cable is the source of this noise. At lohEer time

eonstan_:a, the system noise is controlled by the !eakaee current in the
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detect_ and successively hi_her noise valuu ape obtained as the detector

bias ( andp therefore, the detector leakage cuawent ) is lucked. The

data for _e _P3002 shown in Ft_re 13 are s_lar, alt_uEh this

pax'tlculsZ' un/t _s somewhat leakier and shows somewhat highe_ noise.

The t_apaeitance of probe _P3002 is somewhat higher due to the lonEer

len_oth of cable used w_th this un/t. One generally uses a._liflers w_th

t_me constants at about 1 microsecond in order to obtain a ecmpr_m_e between

speed and si_al-to-noise ratio. Using _ch shorter amplifier time constants

will obtain lower noise £tEu_es; howeverp the pulse shape is generally not

suitable for the following electronic system wldch uay be either count rate

meter type e/_'_It_ry when aetfv!ty m@_ent_ are being made# or a pulse

hetEht analyzer when _tral measure_nts a_ berne determined. The response

of the med/eal pro_e detector to _ particles is shown in ¥tEu_es 1# and 15.

These data were taken in order to determine the usefulness of the probe as

in _ particle detector as well u to examine the collection efftcie_y of

the detector tts_. Both fis_res show spe_tr_ of _ particles due to a

P5212 source wldeh has a 6.0_ and an 8,78 Mew _ particle. The top spectru_

in each of the f_-res is obtained with a standard NPS detect_r for

c_rison with the response obtained with the med/eal probe detectors shown

in the lower three spectra. The liue obtained from a pulse generator is

also i_luded to deter/he any gain sh_fts in the system due to _han_e _n

the detectu_ from the standard detector to the _ed_al probe unit. The data

shown /n Ftgu_w lq were obtained w_th the a particle strik_nE the s_de of

the detector, while the data of F_re 15 were obtained with the _ strik_g

the no_e of the b_dlet shaped unit. in eaoh case, the data were tak_ with

the detector operati_ in the range of 25 volts to 100 volts bias. Although

the two c_ lines are clea_ly vis_le in each of the two _r_entat!ons_ _t

observed that the resolution is semewhat deEraded. The de_radati_n is

attributed to the fact that u psr't_-.._ entering both the side and the front

of the detect_ pass thr_Eh different window thicknesses due to the _nEle

at whie.h _hey stw_ke the detector. The data do_ however_ demonstrate that

the p_obe is quite useful for the detectfon and even the spec_SeOl_ of

pax_eles, Exeel!ent s_gnal-to-nolse rati_ a_e obtained when uslnE these

dete_t_ as G pa_i_e detectors and the low bae_ of the se_/eo_et_

detector makes _t ,_st suitable for _ pa_ele detect_m in medical

sppl_eatlons. Expert[shoe with these units has-shown that _ particles with
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_tes above a few lmndred Key may be detected with essentially no

background.

Data showing the response of the m_iical probe detectors to p32

_'s in solution are summarized in Table I. The electronic system used to

obtain these data is shown in Figure i5. The system is composed of an SSR

Model 102.A charge sensitive preamplifier which is powered by a Model 202

power supply. A step function pulse generator is used to inject the charge

into the preamplifier for gain monltorir_ pttr_es. The medical probe

detector is attached to the preamplifier and inserted into a solution

containing the p32 or a eonta£uer of pure water which is used to obtain back-

grcurul measur_uents. The p32 in water solution was diluted to obtain a

concentration of .01_ mtcroeuriea/m_. Referring to Table I, the first column

Elves the reverse bias at which the detector was operated, the second column

gives the counting rate per minute while the detector is inserted into the

pure water. These are essentially the background counting rates for the

system. The th/rd column gives the countin_ rate per mlm_te when the probe is

inserted into the p32 solution. The fouz_h column gives the counting rate

after the unit has been decontaminated and is placed back into the water

solution. Data at 60 volts bias show that the background c_ntlnE rate is

3 or _ counts per mlmlte, while the counting rate in the p32 solution was

1Ol counts pet minute. At s bias of 20 volts the unit showed only one oP

two counts pet mir_te background, while a counting rate of 33 counts pet

m/nute was obtained in the p32 solution. These data are typical of several

medical probes which were evaluated in the _ solution. These data

demonstrate that the detector is quite suitable f_r the detection of p32

's in Inv!vo measurements.

The medical probe detectors are cut--fly being evalvated with Co 60

? 'a to detexTe_ne the sensitivity of the detectors to high energy 7 's. A

prellmina_ analysis of these data have shown that the device is capable

of 7 detection down to lowest levels which are used in normal medical

applications. A complete report of ? measurements will be included in the

final repel,
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